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1. Principal Investigator (give title and degrees): 


Dote: July i 9 1973 


Patriciai M. Hudgins, Ph.D. 
Associate Professor 

2. Institution & address: 



JUN 2 9 1973 




Medical College of Virginia, Health Sciences Division, 
Virginia- Commonwealth- University, Richmond, Virginia 23298 


3. Department(s) where research will be done or collaboration provided: 

Department of Pharmacology 


4. Short title of study: 

Possible synergistic sympathomimetic actions of nicotine and- acetaldehyde 
on the cardiovascular system, 

5i Proposed 1 storting date: January 1, 1974 

6. Estimated time to complete: Three years 

7. Brief description of specific research aims: 


Specific Aim 1 . To- compare and contrast the cardiovascular actions and- interactions 
between- intravenous nicotine, acetaldehyde and tyramine in the anesthetized rat. 

Various surgical and pharmacologic procedures, will be used to establish the precise 
mode o-f cardiovascular action of nicotine, acetaldehyde and tyramine. Combinations ^ 
cf these agents will then be used 1 to test for potential interactions producing addi¬ 
tive or synergistic cardiovascular effects. The ability of single agents to reverse 
the hypotensive effect of guanethidine pretreatment will be compared to combinations 
of the sympathomimetic agents. 

Specific Aim 2 . To examine the actions and interactions of nicotine, acetaldehyde 
and tyramine at the cellular level in smooth muscle preparations in vitro . Perfused 
central ear artery and aortic strips from rabbits and isolated rat vas deferens pre¬ 
parations will be used to compare sympathomimetic actions of nicotine, acetaldehyde 
and tyramine. Sympathetic nerve function will be altered in these tissues by guane¬ 
thidine, tetrodot-oxin- and calcium deprivation- in order to examine the effect on con¬ 
tractile responses evoked by transmural stimulation and the sympathomimetic agents. 

The actions and interactions, between these drugs and l^C-norepinephrine will be studied 
to confirm the role of transmitter release in< drug-induced tissue responses to single 
agents and combinations of nicotine and acetaldehyde. 
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Brief statement of working hypothesis: Nicotine and acetaldehyde arc both present in 
appreciable quantities in cigarette smoke. The scientific literature contained in 
Tobacco : Experimental and Clinical Studies (Larsen*, Haag. and Silvette, 1961; Larson and 
-Silvette, 1965; Larson and Silvette, 1971; Larson and Silvette, in preparation) provides 
' ample evidence for the conclusion that nicotine and acetaldehyde depend upon the release 
of endogenous norepinephrine from sympathetic nerve endings and the adrenal redulha for 
their cardiovascular actions. It is of interest to compare the mechanise of syrpatho- 
x mimetic action of these two agents at the cellular level and'in-the cardiovascular system 
of an- animal 1 model 1 in order to determine whether acute exposure to both agents simulta¬ 
neously enhances the cardiovascular effects. Information generated by this investigation 
will' contribute to an understanding of potential importance of the interactions of nico*- 
tine and acetaldehyde in the cardiovascular action of cigarette smoke. - *1 

,s ‘ d* Our laboratory has recently discovered that acetaldehyde could* partially reverse 
the adrenergic neurone blockade induced'by guonethidine in an isolated smooth muscle 
preparation (Lai and Hudgins, Pharmacologist, in-press)!. In the light of this finding 
it appears possible that exposure of humans to cigarette smoke may compromise control of 
- hypertension with guanethidine and other guanethidine-like drugs. We feel that the stud¬ 
ies described wild reveal significant information- to indicate potential hazardous inter¬ 
actions between the antihypertensive, guanethidine, and the indirectly acting sympatho- 
mimetic substances, nicotine, and acetaldehyde. 

Details of experimental design and procedures (append extra pages as necessary) 1 . The 
‘overall objective of the proposed research is to investigate the role of sympathetic 
'innervation in the cardiovascular actions and interactions of the indirectly acting 
sympathoraicietics, nicotine and acetaldbhyde, present in cigarette smoke. In order to 
accomplish this objective, the investigation will be separated into two phases and will 
be carried out in*small laboratory animals. 

* The first phase will consist of in vivo studies. Cardiovascular responses to intra¬ 
venous administration of sympathomimetic agents will be examined in the anesthetized rat. 
This preparation is a- convenient and economical rode! system in which bloed pressure ar.d 
cardiac changes can be monitored in whole animals and in preparations selectively altered 
by surgical' and pharmacologic means. Observations made on the action of the sympatho¬ 
mimetic agents will be extended at the cellular level in isolated mammalian smooth muscle 
preparations in the second phase. 

The second phase will consist of in* vitro studies. Isolated smooth muscle prepara¬ 
tions (perfused central ear artery and aortic strips froim rabbits; isolated rat vas defe¬ 
rens) will be used in an attempt to compare the cellular actions and interactions of nico¬ 
tine, acetaldehyde and tyrantme. The ear artery more nearly reflects effects on* arter¬ 
ioles important in maintaining peripheral resistance; the aortic strips will be used for 
^C-norepinephrine kinetic studies; and the vas deferens, preparation is an accessible’* 
smooth- muscle which is densely innervated by the sympathetic nervous system. Sympathetic 
nerve function in the ear artery and vas deferens will be selectively altered by guanethi¬ 
dine, tetrodotoxin and calcium ion deprivation. Interactions between the sympathomimetic 
agents and ^C-norepinephr.ine will be used' to confirm the role of transmitter release in 
the cardiovascular actions of these agents. 

• In Vivo experiir.cntsz Male WistJax rats (2SG-300 g> are anesthetized with pentobarbi¬ 
tal sodium (50 mg/kg) adm-nist-ered intraperitonealily. Body temperature win be maintain¬ 
ed by means of an incandescent lamp. Mean arterial blood*p,essurc is recorded fr n n the 
right femoral artery through a cannula connected to a Stathcm pressure transducer. 
Intravenous injection of drugs is made into the system-by means of a cannul'a inserted 
into the Left femoral vein. A volume of 0.1 ml to 0.2 ml us. used'and washed in with 

0.2 ml saline. An interval' of 10 minutes will be used between doses of sympathonimetics; 
however, all’ parameters must have returned to preinjeccion control levels before subse¬ 
quent injections are cade. Heart rate is read directly with a tachograph (lead II) by 
means of fine needle electrodes inserted through the skin. Responses are recorded by 
means of a Grass polygraph. Bilateral' adrenalectomy and vagotomy in the neck region will* 
be carried out on anesthetized’rats 30 minutes, before injccti-on of the first dose of drug. 
Rats treated with reserpme or guanethidine will be given 5 mg/kg by intrapcritoncab in¬ 
jection for two days before the experiment. 
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Lquieffcctive pressor doses of nicotine, acctaldthyde and tyraninc will be cor- I^VV 
pared in animals after the surgical or pharmacologic procedures described above, Data‘ s V 1 
will be expressed as percent change from resting blood pressure and heart rate. Drugs 
will be administered in randomized fashion, and experiments terminated if resting para-’T'V 
meters do not return to initial pretreatment levels. Statistical comparisons will be r '* : ’ 
made according to methods described in Steel and Torrie (Principles and Procedures of 
Statistics : McGraw-Hill Book Co., New York, 1960). _. 

In vivo experiments will be carried out during the first year of the project. The 
experiments indicated can be separated into three blocks: (1) Dose-response relation-^, 
ships between intravenous nicotine, acetaldehyde and tyramine; (2) Investigation of-/0y 
alterations of these responses by surgical and pharmacologic procedures; and (3) An 
investigation of interactions between the three indirectly acting sympathomimetic 
agents. ‘ .j* > - 4 *~:* s . . •- — ^ 

H . ,; In vitro experiments: -(1) Central ear artery . Rabbits weighing- 2-3 kg will be 
anesthetized with pentobarbital sodium* (30 mg/kg) administered intravenously. The cen¬ 
tral ear artery will be cannulated in situ and* removed according to the method described 
by de la Land and Rand (Aust. J. Exp. Biol. Med. Sci. 43:639,1965). The prepared artery 
will be perfused with Krebs-bicarbonate solution in an- organ bath kept at 37°C with a 
rate of 4-6 ml/min. from a constant volume pump. Drugs will be administered as closely 
as possible to the artery. Responses will be recorded on a Grass polygraph. 
y; :> * 'Arteries will be equilibrated for 30- minutes before exposure to sympathomimetic 
agents. Both the perfusion solution and solution in the organ bath will be aerated with 
a mixture of 95% oxygen and 5% carbon dioxide. Drug injections will be made either into 
the perfusion solution or tissue bath to assess intra- and extraluminal effects. 

The concentration of ionic calcium in Krebs-bicarbonate solution is 2.4 mM. Ionic 
calcium concentration in solution will be increased from calcium-free up to three times • 
normal. Each time the solution perfusing the artery and in the organ bath is changed, 

30 minutes will be allowed for equilibration before sympathomimetic agents are added. ^ 
Transmural stimulation "of the isolated ear artery will be achieved via platinum elec- ; *•> 
trodes and a Grass model S4S stimulator. Preliminary experiments are underway to estab¬ 
lish the voltage, frequency and duration required to duplicate responses elicited by . ... 
drug injection. * * • . . 

: "*• ' (2)i Rat vas deferens . Male Wistar rats will be sacrificed by cervical dislocation-. 

The vas deferens will be removed and carefully dissected free of vascular tissue and 
suspended vertically in* a tissue bath containing 40 ml of Tyrode solution, A resting '*r 
►tension of one gram will be placed on each vas deferens and tissues allowed to eqiuili- 
brate for 15 minutes before subnaximal voltage responses are determined. **'• r*;‘‘ 

Transmural stimulation will be performed according to* Briminghara and Wilson (Brit. 

J. Pharmacol. 21^:569,1965) with a pair of platinum- electrodes. One electrode is inserted* 
into* the lumen of the prostate end of the vas deferens and the other electrode is posi¬ 
tioned: in the tissue bath. Stimulation is applied for periods of 5 seconds every 2 v ‘ 
minutes at 25 Hz and a pulse width of one second. . vt 

After constant responses are recorded 1 , guanethidine (4xlQ~6 M) will be added to the 
tissue bath. Thirty minutes later when the contractile responses are abolished, antago¬ 
nists will be added to the tissue bath without changing the bath solution and one in 
which the bath solution is changed once. Contractile responses will be recorded on a 
Grass polygraph by means of force displacement transducers. Data will be expressed as ; ; 
percent of the original responses of vas deferens to transmural stimulation before the * 
addition of guanethidine. Duncan 1 s multiple range test will be used to identify signi¬ 
ficant differences among ranked means (Steel and Torrie, 1960). 

Tissue content of guanethidine will be determined at the end of each experiment in 
order to determine whether or not the sympathomimetic agents were able to reduce tissue 
binding. Vas deferens will be removed from the tissue bath*, washed three times, blotted 
and* weighed-. Tissues will then be homogenized' in 0.01 N MCI and N the homogenate extracted^ 
with CHClij for assay of guanethidine according' to the method of Chang ct a_l_ (O. Pharmacol. 
Exp. Ther. 147:303,1965). * , ;• .* ~ > V * " •• . 
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5*^*3-v.. .7 n a portion of the experiments, rats, will be pretreated with rcserpine'before 
'^sacrifice, After the rest period, vas deferens will be exposed to guanethiddne and 
indirectly acting sympathomimetic agents, as described' above, before they are assayed ’L\ 
v y.>7 for guancthidine. V,.T<> . Vl\ . v* .. ^ : * 

^ /- (3) ^c~norcpinephrine experiments : Interaction, of indirectly acting sympatho- 

. **-;mimetic agents with 14 C-norepinephrine in isolated smooth muscle preparations, will be \ 

* r- carried out with rat vas deferens and rabbit aortic strips. > 

* ? ‘.ar/^yV.Aortic segments will be obtained from rabbits sacrificed by air embolism. The t v 
■ x '\\f thoracic aorta will be cut into helical strips according to the method of Furchgott 
: m * t 'J (Methods Med. Res. 8^:117,1960). ■ Each helical strip is then cut into four segments •’ 
v V^vV an d ; tissues mounted on stainless steel rods, under tension and allowed to equilibrate * 

/• r'l -for one hour in Tyrode solution before they are transferred to a reservoir containing 
\ "V'Tyrode solution and *4C-norepinephrine (5.2 x 10~^M, 0.1 juCi/tnl) for an additional * *> * 

• ' /•20-30 minute period. This time period has been selected on the basis of previous ex- 
«\V; periments conducted in this laboratory which revealed that within 20 minutes the amount 
+S of norepinephrine in the tissue is increasing and the amount of radioactivity in the 
form of l^C-norepinephrine metabolite remains constant. ‘ • 

-The effects of sympathomimetics on the accumulation of l^C-norepinephrine will be 
- v.'y assessed by adding the agent under study for the last 30 minutes of the rest period and 
V -before the addition of isotope. Accumulation of radioactivity by aortic strips must be 
-y ^ 1 -assessed in reserpine pretreated and control preparations in order to eliminate altera- 
. r/cv^tions in turnover rate of transmitter stores in sympathetic nerve endings from- obscuring 
ythe results. ^ * - / 

After the incubation of tissues in radioactive norepinephrine they are washed, * ~ 

blotted and weighed'. Tissues are placed in test tubes containing 1 N NaOH for 16 hours 
with shaking. This solution dissolves the tissue. Alkalinity is neutralized by the 
. addition of an equal volume of 1 N HC1 and aliquots evaporated in aluminum planchets 
f° r counting of radioactivity. Salt quenching is minimized by adding* an identical 
..V? volume of 1 N'NaCl to all planchets containing aliquots of the reservoir. i4 C-norepi- 
\ ‘ "-nephrine content of tissues is expressed as a ratio of cpm/g tissue to cpn/ml reservoir 

" , (tissue to medium ratio) , * - **. ‘ 

;—y - * ^ l ^C-norepinephrine accumulation by rat vas deferens will be assayed in experiments 

similar to those described above. After a 15-20 minute exposure to radioactive norepi¬ 
nephrine, tissues will be removed, washed, blotted and weighed. Barnette _et_ al_ (Brit. 

J. Pharmacol. 34:484,1968)* has shown that at this time period most of the radioactivity 
>%•* in the vas deferens is in the form of unchanged norepinephrine. Tissue accumulation of 
v ‘ - isotope will be expressed as a tissue to medium ratio*. , . ,:~* 

The action of indirectly acting sympathomimetic agents on ^C-norepinephrine taken 
, up- by tissues can be assessed by transferring tissues from the reservoir into nonradio,- * 
. active Tyrode solution at 2 minute intervals for one hour. Preliminary experiments have 
demonstrated that the half time for desaturation of radioactivity is approximately 35 
minutes. This experimental design can be used to compare equieffective concentrations 
' of indirectly acting sympathomimetic agents on release of recently captured l^C.-norepi- 
'' nephrine. The drug under study can be added to the washout medium and the slope of 
' ' desaturation, curves compared to reveal differences in potency. Combinations of sympatho- 
, ’ mimetic agents* can be compared with individual agents by this method. 

Data will be expressed as percent of radioactivity remaining in the tissue at each 
' time period and comparisons between drug* treatments will be made by linear regression 
analysis. All statistical analyses will be conducted according to the methods described 
in Steel and Torrie (1960). . .. 
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101 Space and! facilities available (when eltewHenc than item 2 indicates, state location): 


Office and laboratory 
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space are provided in the Department of Pharmacology for the principal investigator, 
lab specialist and parttime employee. These consist of three adjoining rooms oni the 
fourth floor of McGuire Hall. The laboratory contains, standard supplies: chemicals, 
glassware, balances, drying oven and refrigerators. Major items of equipment avail¬ 
able in the laboratory are the following: Picker Nuclear low-background proportional 
gas. flow counter, Mettler analytical balance, Corning AG-lb glass still, Corning 1 model 
LD-3 demineralizer. Grass model 5 D polygraph with FT .03 transducers, Grass model 79 
two channel polygraph with pressure transducers, Monroe rotary (2) and electronic cal¬ 
culator, Eberbach shaker. Vortex mixer. Muffler furnaces (2), Thermolyn hotplates {2) % 
Bausch and Lomb spectronic 20 and International clinical centrifuge. Other items of 
major equipment available in the department include liquid scintillation counters (2), 
Perkin-Elmer atomic absorption spectrophotometer and International refrigerated prepara¬ 
tory centrifuge. 

Animal care facilities are located on the fourth and fifth floors of McGuire Hall. 
These are staffed and maintained by departmental personnel. A fully-equipped machine 
shop is also located* on the fourth floor. This shop is staffed with a machinist who 
designs and fabricates custom apparatus. 


11. Additional facilities required: None 
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12. Biographical sketches of investigator(is) and other professional'personnal (append). 


13. Publications, (five most recent and pertinent of invcstfgator(s); 


append list, and prowde reprints if available). 


Source: https://www.industrydocuments.ucsf.edu/docs/hqvmOOOO 


R: REDACTED MATERIAL 


*>-V<\ * \ 

*CV'N 



<r * 




;* r 

' H 

i * v ‘ 



•*' • • ... .- • -. 3a 

.11.. Biographical sketch of principal investigator: 


'ftMtffED 


- Name; Patricia Montague 
* Date of Birth: 

Place of Birth: ___ 

/Social Security No.: REDACTED 


_* J 


Education: West Virginia University, Ph.D, 1966 (Pharmacology) 

, _ Bucknell University 

V • , '. .. West Virginia University, M.S. 1960 ' ... 

•) . ’ .West Virginia University, B,S. 19S9-'with high honors •. • ••. 

•Academic Appointments: .Associate,Professor, Department of Pharmacology 
"•% ’ - '-.w' Medical College of Virginia - July 1, 1972 

», .; w * • , *** * t .* % v •> 

*' » , r 

’ ? , * . ■ Assistant Professor, Department of Pharmacology 

. / ( _ • ; - Medical College of Virginia - July 1, 1968 

. * t ' - «Instructor, Department of Pharmacology 

’r- .' T * V ; . Medical College of Virginia - February 1, 1966 

• * 

1'- .Professional Society Memberships: 

" '/ REDACTED 

/> ‘ - - . * 

J 

/ . REDACTED 

y . 

H . j i % 

5 * m m * * \ » 

? Special Awards: National Institutes of Health traineeship (1963-1965) 


> 
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13. Publications: (Five most recent and pertinent of investigators; reprints provided). 
k * 1. Egle, J.L., Jr., Hudgins, P.M. and Lai, F.M.: Cardiovascular effects of intra- 
L^ , venous acetaldehyde and propionaldehyde in the anesthetized rat. Toxicol. Appl. 

Pharmacol. 24; 636-644', 1973. 

r . "u 2. Hudgins, P.M. and Stubbins, J.F.: A comparison of the action of acetylcholine 
T * \ and acetylcholine mustard (chl'oroethy lice thy laminoethyl acetate) on muscarinic 

: ^ and nicotinic receptors. *J. Pharmacol, Exp. Ther. 182 :305-311,1972. 

3. Hudgins, P.M'. and Putney, J.W. , Jr.: Distribution of local anesthetics and the , 
intracellular pH in vascular smooth muscle, J. Pharmacol, Exp. Titer. 181:538-546, 
' 1972. 


4. Hudgins, P.M., Stubbins, J.F, and Deis, F.H.: Inhibition of norepinephrine uptake 
and adrenergic antagonism by N-methyl-N-benzylph-enylethanolamine and N,N-debeniyl- 
phenylethanolamine . Arch. Int. Pharmacodyn. 187 :236-244,1*970 . 


5, Hudgins, P.M. and Harris, T.M.: Further studies on the effects of reserpine pre- 
treatrent on rabbit aorta: Calcium and' histologic changes. J. Pharmacol. Exp. 
Ther. 175 *.609-618,1970, / 
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First year, budget 


A. Salaries, (give names or stale "la be recruited") 
^ Professional (give % time of mvestigotor(s). 

• even if no salary requested) 


Principal Investigator (Patricia Hudgins)) 


Technical 

Lab Specialist B (Jacqueline Beckncr) 
Dish-Washer - Lab Aide (to be recruited) 


■ % time 


2CK 


Amount 


»a.S.;'' 

Y'" 

. •: t 


*> ,* 
' r 


100 

60 


5ub-Total for A 


^4CT|£> 


PSC4CTED 


B. Consumable supplies (by major categories)’ 

Animals (rats and rabbits) - $2,500 
Chemicals and Drugs - $ 500 

Isotopes and related supplies51,000 


Glassware and hardward 


$ 500 


Sub-Totol for & 


$ 4,500 


C Oher expenses (itemize) 

Animal care and feeding $ 3QQ 

Equipment Service and 

maintenance $ 500 

Publication costs (art 

work and duplication) $ 2S0 

Laundry $ 70 

Travel to scientific meetings$ 2S0 

(one per year) 

D Permcrent (•auipmert (itemize) 


Subtotal for C 
Running Total of A - i - B C 


4-1,170 


REDACTED 


ft 


A 


E lodued cuits (] 5°o of A- 1 B — Cl 
15 Estimated future requirements 

Salaries Con«umoblc Suppl 


Sub Tblal for 0 

E 

Tola' request 

Olha-r Expenses Perman»nt Eo.ip 


Year 2 


Year 3 




$4,725 


j 1.3-9 
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^acted 

Tcial 


Indirect Casts 
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16. Other sources of finondol support 

list financiol support from all sources, including own msl tut.on/ for th.s ond rotated research projects. 

• - • - - CURRENT!.Y ACTIVE 
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Source 


Inclusive 

*• Til lb of Project 

(give grant numbers) 

Amount 

Dotes 

Act lions of ethanoli and 

Licensed Beverage 

$5,900 

7/1/72 to 7/1/75 

acetaldehyde on arterial' 

industries, Inc. 



muscle , 0 " ' 


\ 


' *x * * f 
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PENDING OR PUANNED 


1 


Source 


Inclusive 

Title of Project 

(give grant numbers) 

Amount 

Dales ! 

1 

Acetaldehyde- cardiovascular 

National- Institutes of 

1 $85,718 

3/1/74 to 2/28/77 

and celilular actions 

1 

j Health KSHL 11479 

i 

i 


It ts understood that the investigator and institutional 
oncers n applying- for a> grant* have rood ond accept 
the Council’s "Statement of Policy Containing Conditions 
ond Terirs Under Which Pro^ct Grants Arc Made." 


Checks payable to 

^ Ra> >n onJ Holmes, Jr. _ 

Vice President, for Finance 

Maiili g Godless tor checks 

Virginia Commonwealth University 

TlOO'tast Broad'Street 

Richmond, yirginia_232_98_ 



Principal invest.go'er 

Typed!Nbme^^tXlaia M, HudSAPSa_.______ 

Signature & for// 3 

Telephone_ r 8 Q 4 ;-770 - 4466 _„___ _ 

Aim Cedfr Number CjUfi'voi* 

Respons ble ofllcer.of institution 


Typed Name . 


Ur. Lnuren A. Woods 


Title Vice_P.rosident, VQJ/HCV, Health Sciences Div. 

” '■ Z.6^iZ y7 


Sigpoturp . 
Telephone 


0O 

80*4-770-4001 __ 

Are* Cc<f* Nvi’vfeer 
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